Introduction
============

Herpes simplex keratitis (HSK), a leading cause of corneal blindness, is a sight threatening ocular infection often requiring a specific and prompt laboratory diagnosis \[[@B1]\]. A variety of techniques have been employed for the rapid diagnosis of HSK \[[@B2]-[@B5]\]. Isolation of Herpes simplex virus-1(HSV-1) in culture provides the most reliable and specific method and is considered as the \"Gold Standard\" in the laboratory diagnosis of HSK. However, the sensitivity of this technique has been found to be low \[[@B6]\]. The reasons for this low sensitivity, especially for the isolation of HSV-1 from corneal scrapings, may be attributed to the sensitivity of the cell line used and the small volume of the specimen available. A number of cell lines are currently being used for the rapid isolation of HSV-1 in cell culture including primary rabbit kidney cells, human fetal foreskin fibroblasts, human embryonic lung fibroblasts and Vero \[[@B7]\].

A recent study has reported that isolates derived from herpetic keratitis grow better in corneal epithelial cells and rabbit corneal epithelial cells may be more suitable for isolating HSV from the cornea \[[@B8]\]. Therefore, we performed a prospective study comparing the efficacy of a recently described novel immortalized human corneal epithelial cell line \[[@B9]\] and Vero cells in the isolation of HSV-1 from corneal scrapings obtained from patients with HSK.

Methods
=======

Specimens
---------

Corneal scrapings were obtained following informed consent, from 17 patients with a clinical diagnosis of HSK. All the cases were confirmed by virological investigations (PCR and Viral antigen detection positive, n = 15, PCR positive, n = 1, Viral antigen positive, n = 1). Scrapings obtained from 10 patients with infectious keratitis of non-viral origin (Bacterial keratitis: n = 4, Mycotic keratitis: n = 3, Acanthamoeba keratitis: n = 1, Keratitis due to Nocardia *spp*: n = 1, and Mycobacterium *spp*: n = 1), were included as controls. Specimens were transferred to a vial containing 1 ml of viral transport medium (VTM), transported to the virology laboratory immediately and frozen at -70° C until they were processed for virus cultures.

Cell lines
----------

HSV-1 was isolated employing a shell vial assay. HCE (fig. [1](#F1){ref-type="fig"}) (Kind gift from Dr. Araki-Sasaki, K., Osaka University Medical School, Osaka, Japan) and Vero (National facility for animal tissue and cell cultures, Pune, Maharashtra, India) shell vials were prepared as per standard protocols. The HCE cell line has been established by immortalizing primary cultured human corneal epithelial cells (obtained from a donor cornea) with a recombinant SV40-adenovirus vector and cloned three times to obtain a continuously growing cell line. This cell line has been shown to have properties similar to normal human corneal epithelial cells \[[@B9]\]. HCE cells were grown using the supplemented hormonal epithelial medium (SHEM) consisting of equal volumes of MEM and Ham\'s nutrient mixture F-12 supplemented with 5% (vol./vol.) heat inactivated fetal bovine serum (FBS), 5 μg/ml insulin, 0.1 μg/ml Cholera toxin, 10 ng/ml human epidermal growth factor, 0.5% dimethyl sulfoxide and 40 μg/ml gentamicin. All the reagents were obtained from Sigma, St. Louis MO. Vero cells were grown using MEM supplemented with 5% FBS.

![**Monolayer of HCE**. Shell vial culture, Phase contrast microscopy, × 100.](1471-2415-2-3-1){#F1}

Suitability and susceptibility of HCE for the isolation of HSV-1 by a shell vial assay and tube culture
-------------------------------------------------------------------------------------------------------

The HCE was assessed for its suceptibility to HSV-1 and its suitability for the isolation of HSV-1 by a shell vial assay and conventional tube culture, since such aspects of this cell line have not been described earlier. Briefly, a strain of HSV-1 (HSV-1, McIntyre, ATCC, V-539, Vero culture supernatant, 100 PFU in 500 μl) was inoculated into a shell vial and tube culture of HCE. The tube cultures were observed for the evidence of cytopathic effect (CPE) everyday for 4 days. Shell vial cultures were examined the next day (12--16 h) following the day of specimen inoculation. Shell vial and tube cultures were terminated and the cells harvested at 24 h and 96 h post-infection, respectively. HSV-1 isolation was confirmed using an indirect immunofluorescence/ immunoperoxidase assay.

Shell vial cultures using clinical specimens
--------------------------------------------

For the shell vial cultures, specimens collected in VTM were thawed, vortexed vigorously for 30 seconds and an equal volume (0.5 ml/ vial) of the sample was inoculated into a vial of HCE and Vero cells. The vials were then centrifuged at 700 × *g* for 1 hour at room temperature and were incubated at 36°C for 1 hour for adsorption. The supernatant was discarded and 1 ml of maintenance medium (SHEM Supplemented with 1% FBS for HCE and MEM with 1% FBS for Vero cells) was added. The vials were incubated for 24 hours at 36°C. Based on our suceptibility assay results, routine examination of the cell cultures were done the next day (12--16 h) following the day of specimen inoculation, for any evidence of CPE. Cultures were terminated at 24 h post-infection. Isolation of HSV-1 was confirmed employing an indirect immunofluorescence assay using a polyclonal antibody to HSV-1 (Dako, Capinteria, LA). Two types of positivity were observed: qualitative (presence of cells with specific fluorescence) and quantitative (number of infectious foci (IF) present in each shell vial), as described previously \[[@B10]\].

Statistical analysis was performed on results using a computer assisted statistical program (Epi Info, Version 6.04 b, CDC, USA). Chi square test for proportions (with Yates correction when required) was used. All *P* value were considered significant if less than 0.05.

Results
=======

Susceptibility of HCE to HSV-1 and its suitability for the isolation of HSV-1
-----------------------------------------------------------------------------

The HCE was found to be suceptible to HSV-1 as determined by both the shell vial and tube cultures. Cytopathic effect (CPE) (fig. [2](#F2){ref-type="fig"}) was seen in the tube cultures at 48 h (\>50% of the cells were refractile, showed rounding and ballooning). Shell vial culture showed such changes in few cells (\< 10%) at 12--16 h post-infection. Nevertheless, both the cultures showed the presence of infected cells as determined by the Immunofluorescence/ Immunoperoxidase assay (figs. [3](#F3){ref-type="fig"},[4](#F4){ref-type="fig"}) suggesting that the HCE was suitable for use in the shell vial assay and tube cultures, for the isolation of HSV-1.

![**HCE showing CPE**. Conventional tube culture, Phase contrast microscopy, × 100.](1471-2415-2-3-2){#F2}

![**HSV-1 (McIntyre) infected HCE**. Note the virus-infected cells showing apple green fluorescence. Uninfected cells are stained red due to the counterstain. Indirect immunofluorescence assay, × 400.](1471-2415-2-3-3){#F3}

![**HSV-1(McIntyre) infected HCE**. Virus infected cells are stained brown. Uninfected cells are stained blue due to the counterstain. Indirect immunoperoxidase assay, × 500.](1471-2415-2-3-4){#F4}

Shell vial cultures using clinical specimens
--------------------------------------------

Virus could be isolated using both or either of the cell lines from 10/17 (58.82%) specimens collected from patients with HSK (figs. [5](#F5){ref-type="fig"},[6](#F6){ref-type="fig"},[7](#F7){ref-type="fig"},[8](#F8){ref-type="fig"}). None of the controls yielded HSV-1. HSV-1 was isolated from 10/ 17 (58.82%) and 4/17(23.52%) specimens obtained from patients with HSK in HCE and Vero cells, respectively (P = 0.036) (Table [1](#T1){ref-type="table"}). The sensitivity, specificity, PPV and NPV are shown in Table [1](#T1){ref-type="table"}. While all the 10 (100%) strains were isolated in HCE, Vero yielded only 4/10 (40%) strains in the shell vial culture (*P* = 0.014) (Table [2](#T2){ref-type="table"}). The HCE showed a statistically significant difference in the virus isolation rate with respect to Vero cells. An unexpected finding in this study was that two of the specimens inoculated into the HCE showed CPE during routine examination of cultures at 12 h and 16 h, respectively (fig. [5](#F5){ref-type="fig"}). Such an observation was not seen in Vero cells.

![**HCE inoculated with a clinical specimen showing CPE at 12 h in the shell vial assay**. Note the presence of some rounded and refractile cells on the cover slip. The edge of the cover slip is also seen. Phase contrast microscopy, × 40.](1471-2415-2-3-5){#F5}

![**HCE inoculated with a low viral load clinical specimen positive for HSV-1**. Note the presence of very few infected cells showing apple green fluorescence. Indirect immunofluorescence assay, × 250.](1471-2415-2-3-6){#F6}

![**HCE inoculated with a low viral load clinical specimen positive for HSV-1**. Note the presence of very few infected cells, which are stained brown. Indirect immunoperoxidase assay, × 500.](1471-2415-2-3-7){#F7}

![**HCE inoculated with a high viral load clinical specimen positive for HSV-1**. Note the presence of many infected cells showing apple green fluorescence. Indirect immunofluorescence assay, × 125.](1471-2415-2-3-8){#F8}

###### 

Qualitative results of HSV-1 isolation in HCE and Vero cells (n = 27, Cases: 17 \[true positives\], Controls: 10 \[true negatives\])

  Cell line   True + ves   True - ves   Sensitivity(%)   Specificity(%)   PPV(%)   NPV(%)
  ----------- ------------ ------------ ---------------- ---------------- -------- --------
  HCE + ve    10           0            58.82            100              100      58.82
  HCE - ve    7            10                                                      
  Vero + ve   4            0            23.52            100              100      43.47
  Vero - ve   13           10                                                      

###### 

Details of HSV-1 isolation in HCE and Vero cells (n = 10)

  Cell line                        No. of strains isolated
  -------------------------------- -------------------------
  HSV-1 isolated in HCE and Vero   4
  HSV-1 isolated in HCE only       6
  HSV-1 isolated in Vero only      0
  Total no. of strains isolated    10

Considering the quantitative analysis (Table [3](#T3){ref-type="table"}), HCE performed better than Vero cells, based on the number of IF present in the monolayers. HSV-1 was isolated in both the cell lines (3/ 3), when the viral load was high (\> 20 IF). In contrast, HCE yielded more number of isolations (7/7) than Vero (1/7) when the viral load was relatively low (\< 20 IF) (*P* = 0.0069, Table [3](#T3){ref-type="table"}). It is interesting to note that the virus could not be isolated in vero cells when the viral load was very low (\< 10 IF) while there were 4 isolations in HCE (Table [3](#T3){ref-type="table"}).

###### 

Quantitative results of HSV-1 isolation in HCE and Vero based on number of IF present in each shell vial.

  No. of IF   No. (%) of samples in cell line   
  ----------- --------------------------------- ----------
              HCE                               Vero
                                                
  1--10       4 (100)                           0 (0)
  11--20      3 (100)                           1 (33.3)
  \> 20       3 (100)                           3 (100)
  Total       10 (100)                          4 (40)

Discussion
==========

This study was performed to assess the relative sensitivity of a recently described HCE and the Vero cells based on an earlier observation that corneal epithelial cells may be more suitable for the isolation of HSV from the cornea \[[@B8]\].

Vero cells were chosen for comparison since our earlier observations over a two-year period (unpublished data) suggested that this cell line performs better than HEp2/ BHK-21/ HeLa or A549 in the isolation of HSV-1 from patients with HSK. We employed the shell vial assay since this technique has been shown to be a rapid and sensitive method for the isolation of HSV \[[@B11]\] and adenovirus \[[@B12]\] from ocular specimens when compared to the conventional tube cultures.

Assays done to determine the performance characteristics of HCE show that this cell line is susceptible to HSV-1 and suitable for the isolation of the virus from corneal scrapings in a shell vial assay.

Our results show that the HCE is superior to Vero in the isolation of HSV-1, both in the qualitative and quantitative analysis. Considering the qualitative analysis, it is interesting to note that HCE yielded the maximum number of isolations. There were no cases where HSV-1 was isolated only in Vero cells (Table [2](#T2){ref-type="table"}), which suggests the increased sensitivity of the HCE. While there was a statistically significant difference in the sensitivity of these two cell lines for virus isolation, the specificity and PPV were very good (100 %, Table [1](#T1){ref-type="table"}). However, the low NPV of both the cell lines (Table [1](#T1){ref-type="table"}) suggests that there is a need for better cell lines, especially for the isolation of virus from corneal scrapings. Further, it is worthwhile to note that CPE can be observed in HCE earlier than in conventional tube cultures, in some specimens, as seen in this study. Such specimens can be processed for imunofluorescence/ immunoperoxidase assay immediately leading to a \"reduced turn around time\" of reporting the results.

Analysis of the quantitative results showed that HCE had the greatest sensitivity irrespective of the viral load, while vero had similar sensitivity to that of HCE only when the load was high (Table [3](#T3){ref-type="table"}). HCE proved to be very beneficial, especially when the viral load was low (\< 10 IF) (Table [3](#T3){ref-type="table"}).

It is obvious from the results that HSV-1 can be more often isolated in HCE than Vero. This has been shown both by qualitative and quantitative analysis.

In general, the isolation rates of HSV-1 in cultures from corneal specimens have been low \[[@B6]\], irrespective of the cell line used. Our earlier report showed a similar trend wherein we could isolate HSV-1 in Vero cells only in 5/15 (33.3%) specimens obtained from patients with HSK \[[@B13]\]. This study demonstrates that using HCE can further increase the virus isolation rate.

The rate of isolation of HSV-1 from corneal scrapings has increased from 33.3% to 58.82% in our laboratory employing the HCE, as seen in this study. We have used an inoculum size of 0.5 ml of the specimen in our study. It has earlier been shown that increasing the inoculum size of the specimen can further increase the sensitivity of the shell vial assay \[[@B14]\]. Such studies are being done at our laboratory.

We have shown the superiority of HCE over Vero cells in the isolation of HSV-1 from corneal scrapings for the laboratory diagnosis of HSK, in this preliminary study. However, the results should be interpreted with caution, since the sample size is small. Further studies are warranted using an adequate sample size. Such a study is being pursued in our laboratory.

To the best of our knowledge based on a \"MEDLINE\" search, this is the first report of the HCE being used for the isolation of HSV-1 in a shell vial assay for the laboratory diagnosis of HSK. We believe that the inclusion of this cell line, when available, in the routine culture protocols of ocular virology laboratories would result in a significant increase in the diagnostic yield.
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